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SUMMARY REPORT 

The research  conducted during t h e  p a s t  year  under NASA Contract 

NAS8-25562 has cons i s t ed  of two s e p a r a t e  and r e l a t i v e l y  independent 

i n v e s t i g a t i o n s .  The f i r s t  p a r t  of t he  c o n t r a c t  per iod was devoted 

t o  t he  completion of a s tudy  of t he  e f f e c t s  of atmospheric turbu- 

lence  on the  propagat ion of a 10.6 micron l a s e r  beam. This  work, 

which was begun under a previous NASA Contract  (NAS8-30507), was 

completed i n  June,  1970. [I1 Since t h a t  time we have d i r e c t e d  our  

primary e f f o r t s  toward t h e  i n v e s t i g a t i o n  of a number of problems 

r e l a t i n g  t o  t h e  Marshal l  Space F l i g h t  Center ' s  High Al t ieude  A i r c r a f t  

Test  P r o j e c t  f o r  V i s i b l e  Op t i ca l  Laser  Communications. 

Because of t h e  independent n a t u r e  of t he  two a spec t s  of the  

r e sea rch ,  we have divided t h i s  r e p o r t  i n t o  two p a r t s  each dea l ing  

wl th  a s epa ra t e  phase of the  p r o j e c t .  Volume One conta ins  r epo re s  on 

the  var ious  ana lyses  whfch have been made i n  connect ion wi th  t h e  

MSFC High A l t i t u d e  A i r c r a f t  Tes t .  These analyses  inc lude  an investi- 

ga t ion  of the  e f f e c t s  of t he  a i r c r a f t  nav iga t iona l  e r r o r s  on exper i -  

mental accuracy,  a survey of the  engineering measurements t o  be 

conducted on t h i s  experiment and a survey of t he  metero logiea l  support  

requirements f o r  the  p r o j e c t .  En add i t fon  a b r i e f  d e s c r i p t i o n  of the 

High A l t i t u d e  A i r c r a f t  Tes t  program i s  given as  background f o r  the 

reader  who may n o t  be f a m i l i a r  wi th  t h i s  p r o j e c t .  Volume Two contains 

a complete r e p o r t  of both t h e  experimental  and t h e o r e t i c a l  i n v e s r i g a t i o n s  



of t he  propagat ion of a  10.6 micron l a s e r  beam through the  tu rbu len t  

atmosphere and an a n a l y s i s  of t h e  e f f e c t s  of atmospheric turbulence on 

t h e  opera t ion  of a  CO l a s e r  heterodyne communications system. It has 
2 

been our  i n t e n t i o n  t h a t  each volume of t h i s  r e p o r t  should b e  as nearly 

se l f -conta ined  a s  poss ib l e .  Each s e c t i o n  t h e r e f o r e  conta ins  s epa ra t e  

t a b l e s  of ccn ten t s  and re ferences .  

I n  add i t i on  t o  t he  r e s u l t s  r epo r t ed  h e r e i n  a  s m a l l  amount of project 

time has been devoted t o  the  development of a  high energy pulsed laser 

t o  be  used f o r  t he  s tudy  of atmospheric e f f e c t s  on pulsed l a s e r  sysrems 

and t o  t h e  planning of experiments i n  t h i s  a r ea .  A proposal  f o r  the 

cont inua t ion  of t h i s  work a s  w e l l  a s  f o r  the  cont inua t ion  of our 

a n a l y s i s  i n  suppor t  of the  MSFC o p t i c a l  communicati.ons experiments has 

been submit ted.  



DESCRIPTION OF TIE MSFC HIGH ALTITUDE AIRCRAFT 

TEST FOR VISIBLE LASER COMMUNICATIONS 

In t roduc t ion  

The a n a l y s i s  r epo r t ed  i n  t he  fol lowing s e c t i o n s  have been per f  omed  

i n  support  of the  High A l t i t u d e  A i r c r a f t  Tes t  of V i s i b l e  Laser Comuni- 

ca t ions  be ing  conducted by MSFC personnel  during 1971-1972. In order 

t o  o r i e n t  t h e  reader  as t o  t h e  r e l a t i o n  of t h i s  work t o  t h e  o v e r a l l  

MSFC A i r c r a f t  Tes t  program a b r i e f  d e s c r i p t i o n  of t h a t  experiment 

w i l l  b e  given. A more comprehensive d i scuss ion  of t he  experiment can 

be  found i n  t h e  High A l t i t u d e  A i r c r a f t  Tes t  p r o j e c t  p l an  [ 2 ] .  

Program Objec t ives  

The High A l t i t u d e  A i r c r a f t  Tes t  f o r  V i s i b l e  Laser  Op t i ca l  G s m m ~ ~ n l -  

c a t i o n s  ( h e r e a f t e r  r e f e r r e d  t o  a s  HAAT) i s  intended t o  perform three 

func t ions ,  v i z . ,  t o  c o l l e c t  s c i e n t i f i c  d a t a  on the  propagat ion of 

v i s i b l e  wavelength r a d i a t i o n  through t h e  atmosphere, t o  provide engi- 

neer ing  d a t a  needed f o r  t h e  eva lua t ion  of t he  techniques of optical 

communications and f o r  t he  design of f u t u r e  systems, and t o  demonstrate 

ehe f e a s i b i l i t y  of o p t i c a l  techniques f o r  communieations between aix- 

c r a f t  and ground o r  s a t e l l i t e  and ground. These techniques inc lude  

the  a b i l i t y  of t he  s a t e l l i t e  ( o r  a i r c r a f t )  t o  acqu i r e  t h e  ground 

s t a t i o n  and v i c e  ve r sa ,  t h e  a b i l i t y  t o  accu ra t e ly  t r a c k  t h e  moving 

s a t e l l i t e  and the  a b i l i t y  t o  t r ansmi t  high d a t a  r a t e s  wi th  l o w  e r r o r  

and high r e l i a b i l i t y .  



Experimental Sys tem 

The experimental  system c o n s i s t s  of an a i rbo rne  o p t i c a l  c o m u n i -  

ca t ions  t e rmina l  c a r r i e d  aboard a modified RB-57 a i r c r a f t  and a  g r o m ~ d  

s t a t i o n  loca t ed  on Redstone Arsenal ,  Alabama. Both t h e  a i rbo rne  and 

ground te rmina ls  a r e  equipped wi th  t r a n s m i t t i n g  l a s e r s  s o  t h a t  two w a y  

communications may b e  e s t a b l i s h e d  and both upl ink  and downlink 

propagat ion may b e  s tud ied .  I n  add i t i on  t o  communication equipment 

each t e rmina l  conta ins  an o p t i c a l  t r ack ing  system which c o n t r o l s  i t s  

po in t ing  during the  experiment. Thus each end of t h e  system coop- 

e r a t i v e l y  t r a c k s  upon the  o t h e r  end throughout t he  course  of t h e  

experiment.  The ground s t a t i o n  i s  equipped wi th  a  s e p a r a t e  l a s e r  

r ada r  (designated t h e  Ground Based Acquis i t ion  Aid o r  GBAA) f o r  

i n i t i a l  a c q u i s i t i o n  of t he  a i r c r a f t  and f o r  providing exac t  range and 

zen i th  angle  information throughout t h e  experiment. Both t h e  a i rbo rne  

and ground te rmina ls  a r e  f u l l y  instrumented t o  record a l l  p e r t i n e n t  

d a t a  r e l a t i n g  both  t o  system opera t ion  and t o  atmospheric e f f e c t s  on 

o p t i c a l  propagat ion.  
0 

The downlink channel w i l l  c o n s i s t  of a  6328 A He-Ne l a s e r  beam 

pulse  code modulated a t  30 M.bits /sec.  Downlink t ransmission will. 

c o n s i s t  of e i t h e r  a  r e a l  time t e l e v i s i o n  p i c t u r e ,  a  pseudo random 

code word f o r  b i t  e r r o r  r a t e  measurements, o r  te lemetry of d a t a  

being c o l l e c t e d  aboard the  a i r c r a f t ,  The upl ink  channel w i l l  cons i s t  

of an amplitude modulated 4880 Argon l a s e r  beam which w i l l  be  used 

f o r  upl ink s c i n t i l l a t i o n  measurement and t o  t ransmi t  commands t o  t he  

a i rbo rne  package. 



The ground te rmina l  r ece iv ing  and t r ansmi t t i ng  o p t i c s  c o n s i s t s  of 

a 24-inch Cassegrainian t e l e scope  wi th  the  experimental  package locaeed 

a t  i t s  ~ o u d ;  focus. The incoming 6328 k beam from t h e  a i rbo rne  He-Ne 

l a s e r  passes  through a  wavelength s e l e c t i v e  beam s p l i t t e r  t o  s e p a r a t e  

i t  from the  4880 1 upl ink  beam. It i s  then d i r e c t e d  by means of a 

second beam s p l i t t e r  t o  two de t ec to r s .  The f i r s t  d e t e c t o r  i s  a quadranr  

pho tomul t ip l i e r  which provides f i n e  po in t ing  s i g n a l s .  These s i g n a l s ,  

a long wi th  t h e  output  of t h e  angle  encoders on t h e  te lescope  mount, are 

f e d  i n t o  a SCC 4700 computer which performs the  necessary  coord ina tes  

t ransformat ions  and genera tes  t h e  s i g n a l s  t o  d r i v e  t h e  p o l a r - e q u i t o r i a l  

t e l e scope  mount. I n  a d d i t i o n ,  bo th  the  angle  encoder and the  quadrant  

photomul t ip l ie r  ou tputs  a r e  recorded t o  g ive  angle of a r r i v a l  EPuctu- 

a t i o n  da t a .  

The second p a r t  of t he  incoming beam i s  d i r e c t e d  t o  two phcto-  

m u l t i p l i e r  tubes.  The output  of one of t hese  d e t e c t o r s  i s  recorded t o  

provide the  wide bandwidth downlink communication, channel ou tpu t ,  

s c i n t i l l a t i o n  d a t a ,  and b i t  e r r o r  r a t e  da t a .  

The upl ink  beam is  generated by an Argon l a s e r  which passes  

through a  modulator and a  beam s t e e r e r  and out  through the  t e l e scope ,  

The beam s t e e r e r  i s  dr iven  by t h e  computer s o  as  t o  d i r e c t  the  upl ink  

beam d i r e c t l y  back along the  incoming beam. The upl ink  beam i s  

modulated with a  10.7 MHz s i n e  wave and a l s o  wi th  audio tones used to 

c o n t r o l  t he  opera t ion  of t h e  a i r c r a f t  terminal .  

I n  a d d i t i o n  t o  t h e  main t r ack ing  and communications system, the 

ground te rmina l  conta ins  a  l a s e r  r ada r  f o r  a c q u i s i t i o n  and ranging 

( t h e  GBAA). The a c q u i s i t i o n  r ada r  i s  mounted on t h e  main te lescope  



tube  and bore-sighted w i t h  it. It c o n s i s t s  of pulsed Argon l a s e r ,  

beam s t e e r i n g  o p t i c s  and r ece iv ing  e l e c t r o n i c s .  During a c q u i s i t i o n  

phase, t h e  beam i s  d i g i t a l l y  scanned i n  a r a s t e r  p a t t e r n ,  u n t i l  a 

r e t u r n  from corner  r e f l e c t o r s  mounted on the  a i r c r a f t  is de tec ted .  A t  

t h i s  time the  GBAA e n t e r s  a  l i m i t e d  scan mode and t h e  t r ack ing  and 

po in t ing  func t ion  i s  passed t o  t h e  d e t e c t o r  i n  t h e  primary r e c e i v e r  

system. The GBAA cont inues t o  t r a c k  the  a i r c r a f t ,  however, and t o  

provide range information.  I n  t h e  event  t h a t  t he  primary t r a c k e r  should 

l o s e  t h e  t a r g e t ,  t h e  a c q u i s i t i o n  r ada r  w i l l  au tomat ica l ly  re -en ter  the 

a c q u i s i t i o n  mode and r eacqu i r e  t he  t a r g e t .  During t h i s  time the  t e l e -  

scope d r i v e  w i l l  e n t e r  a  coas t  mode s o  a s  t o  cont inue t o  po in t  a t  t h e  

assumed p o s i t i o n  of t he  a i r c r a f t .  

The a i rbo rne  o p t i c a l  system w i l l  be  mounted i n  a  f i x e d  pos i t i on  

aboard the  RB-57 a i r c r a f t  and w i l l  view the  ground i n  a  s t e e r a b l e  

mi r ro r  which w i l l  be  s e rvocon t ro l l ed  t o  p o i n t  t he  outgoing beam i n  the 

proper  d i r e c t i o n ,  During a c q u i s i t i o n  t h e  s t e e r a b l e  mi r ro r  i s  pointed 

i n  t h e  gene ra l  d i r e c t i o n  of t he  ground s t a t i o n  manually. When the 

ground based a c q u i s i t i o n  r ada r  i l l u m i n a t e s  t h e  a i r c r a f t ,  an acquisition 

sensor  d e t e c t s  t h e  upcoming beam and causes t h e  system t o  e n t e r  a 

t r a c k  mode. The incoming beam passes  through a  d i c h r o i c  beam s p l i t t e r  

whiCh i s o l a t e s  i t  from t h e  outgoing beam t o  an image d i s s e c t o r  which 

provides t r ack ing  information and a photomul t ip l ie r  which d e t e c t s  up- 

coming commands and measures s c i n t i l l a t i o n .  The t r a n s m i t t e r  s e c t i o n  

of the  a i rbo rne  te rmina l  c o n s i s t s  of a He-Ne l a s e r  which i s  super- 

imposed on the  incoming beam by means of t he  d i c h r o i c  beam s p l i t t e r ,  

The outgoing beam i s  pu l se  code modulated a t  30 megabits /sec with 



e i t h e r  a pseudo random word f o r  b i t  e r r o r  r a t e  measurements, with a 

video s i g n a l  generated by a t e l e v i s i o n  camera aimed a t  t h e  ground, o r  

w i th  te lemetry.  

Experiment P lan  

The experiment p l an  c a l l s  f o r  fou r  missions a t  va r ious  times during 

t h e  year .  Each mission w i l l  c o n s i s t  of f o u r  f l y  overs  of about three 

hours dura t ion .  

The a i r c r a f t  w i l l  approach t h e  Madkin Mountain ground s t a t i o n  on 

a s t r a i g h t  l i n e  pa th  a t  an a l t i t u d e  of about 50,000 f e e t .  Once 

acquired by t h e  GBAA r ada r  t h e  a i r c r a f t  w i l l  assume a c i r c u l a r  flight 

path  centered on t h e  ground te rmina l  t hus  maintaining a cons tan t  range 

from the  ground s t a t i o n  and cons tan t  zen i th  angle.  I n i t i a l l y  an 

a l t i t u d e  of 70,000 f e e t  and a pa th  diameter of 10 mi l e s  i s  planned, 

This  corresponds t o  a s t a r t  range of 74,800 f e e t  and a zen i th  angle 

of 20.6 degrees,  t he  minimum zen i th  angle  obta inable  wi th  a circular 

path.  By vary ing  the  a l t i t u d e  of t h e  a i r c r a f t  and the  diameter of 

i t ' s  f l i g h t  pa th  the  range and z e n i t h  angle  can be  va r i ed  a t  will. 

The s c i e n t i f i c  measurements t o  be made during each fly-over are 

ou t l i ned  i n  Table I. Deta i led  d i scuss ions  of t hese  experiments can 

be  found i n  t he  referenced measurement program document [2] .  



Table I. Measurements Out l ine  

Quanti ty  Measured 

1. S c i n t i l l a t i o n  
(downlink) 

2.  S c i n t i l l a t i o n  
(up l i n k )  

Parameters Analysis  t o  Yie ld  - 

Receiving Aperture Log amplitude var iance  
Range P r o b a b i l i t y  dens i ty  func t ion  
Zeni th Angle Verify t h e o r e t i c a l  predic-  

t i o n s  concerning zen i th  
angle ,  and range dependence, 
Aperture averaging e f f e c t s  : 

a .  Reduction of s i g n a l  
var iance  

b. Change of p r o b a b i l i t y  
dens i ty  func t ion .  
Di f fe rence  i n  up and down 
l i n k .  

Receiving Aperture Log amplitude var iance  
Range P r o b a b i l i t y  dens i ty  func t ion  
Transmi t te r  Aperture Ver i fy  t h e o r e t i c a l  predic-  

t i o n  concerning zen i th  angle 
and range dependence. 
Verify no upl ink  a p e r t u r e  
averaging 
E f f e c t  of t r a n s m i t t i n g  
a p e r t u r e  s i z e ,  
Di f fe rences  i n  upl ink and 
downlink. 

3.  Angle of A r r i v a l  Range 
Fluc tua t ions  Zeni th Angle 
(downlink) Receiving Aperture 

4. Angle of A r r i v a l  Range 
F luc tua t ions  Zeni th Angle 
(up l i n k )  

5. B i t  E r ro r  Rate Range 
Zeni th Angle 
Beam Divergence 
Transmi t te r  Power 

Variance 
P r o b a b i l i t y  dens i ty  func t ion  
Aperture averaging 
Dependence on range and 
zen i th  angle ,  
Di f fe rences  between up l ink  
and downlink. 

Variance 
P r o b a b i l i t y  dens i ty  func t ion  
Dependence on range and 
zen i th  angle.  
Di f fe rences  between uplink 
and downlink. 

Verify t h e o r e t i c a l  predic-  
t i o n  of BER dependence on 
system n o i s e  and i r r a d i a n c e  
f l u c t u a t i o n  var iance ,  



Table I. Measurements Ou t l ine  ( ~ o n t ' d )  

Quanti ty  Measured Parameters 

6. Atmospheric None 
Transmittance 

7. Engineering 
Measurements 

Analysis  t o  Yield 

Atmospheric t ransmi t tance  
a t  o p t i c a l  wavelengths. 

Determine a b i l i t y  t o  
acqu i r e  and t r ack .  
Evaluate  sys  tern 
performance. 



ANALYSIS OF THE ERRORS I N  THE MSFC OPTICAL COMMUNICATIONS 

EXPERIMENT DUE TO FLIGHT PATH INACCURACIES 

In t roduc t ion  

Marsha l l  Space F l i g h t  Center ' s  High A l t i t u d e  A i r c r a f t  Tes t  of 

V i s ib l e  Laser  Communicati ons (HAAT) i s  expected t o  provide s c i e n t i f i c  

d a t a  concerning atmospheric turbulence and i t s  e f f e c t  on the  propagat ion 

of l a s e r  beams over  near  v e r t i c a l  pa ths .  I f  t hese  d a t a  a r e  t o  be 

meaningful,  i t  i s  necessary  t h a t  c e r t a i n  parameters such a s  a i r c r a f t  

range and zen i th  angle be  h e l d  cons tan t .  C lea r ly  no a i r c r a f t  can f l y  

a p r e c i s e  pa th ,  s o  some v a r i a t i o n  i n  t hese  parameters must be  accepted 

It  i s  t h e  purpose of t h i s  r e p o r t  t o  examine the  e r r o r s  introduced i n t o  

the  experimental  d a t a  a s  t h e  r e s u l t  of dev ia t ion  of t he  a i r c r a f t  from 

i t s  prescr ibed  f l i g h t  pa th  and, based on t h i s  a n a l y s i s ,  t o  suggest  the 

maximum dev ia t ions  which can be t o l e r a t e d .  

General Considerat ions 

A d e s c r i p t i o n  of t h e  HAAT experiment i s  found i n  t he  HAAT project 

plan  [ 2 ] .  During the  t e s t  t h e  a i r c r a f t  w i l l  f l y  a  c i r c u l a r  p a t t e r n  

over t he  ground s t a t i o n ,  i d e a l l y  maintaining a  cons tan t  range and zen i th  

angle.  The ground s t a t i o n  w i l l  t r a c k  t h e  a i r c r a f t  by means of a ground 

based a c q u i s i t i o n  a i d  (GBAII) a l s o  used f o r  i n i t i a l  contac t .  The GBAA 

i s  an o p t i c a l  l a s e r  r ada r  w i th  ranging f a c i l i t i e s  and w i l l  provide 

continuous range and angle  information.  From t h e  GBAA d a t a  t he  a i r -  

c r a f t ' s  p o s i t i o n  r e l a t i v e  t o  t he  ground s t a t i o n  w i l l  be  accu ra t e ly  



known, a  p o s t e r i o r i .  I t  is t h e r e f o r e  n o t  a  requirement t h a t  the  a i r -  

c r a f t  f l y  p r e c i s e l y  along a  predetermined pa th  b u t  only t h a t  i t  remain 

upon a c i r c l e  reasonably c l o s e  t o  t he  d e s i r e d  p a t t e r n .  I t  i s  the  

v a r i a t i o n s  of the  a i r c r a f t  pa th  from t h i s  somewhat a r b i t r a r y  c i r c l e  

which a r e  important .  The GBAA d a t a  w i l l  a l s o  allow t h e  e l imina t ion  

of any d a t a  segment f o r  which the  v a r i a t i o n  i n  t he  range o r  zen i th  

angle  a r e  excessive.  

I f  t he  a i r c r a f t  were t o  f l y  a  p e r f e c t l y  l e v e l ,  c i r c u l a r  pacR then 

i t s  range ( r )  and zen i th  angle (8) would b e  cons tan t .  We a n t i c i p a t e  

t h a t  t h e  a i r c r a f t '  s a c t u a l  pa th  w i l l  b e  some smooth curve which approxi- 

mates t h e  p re sc r ibed  c i r c u l a r  p a t t e r n .  We w i l l  t h e r e f o r e  assume that 

8 and r w i l l  be  s lowly vary ing  func t ions  of time. 

The q u a n t i t i e s  t o  be  measured (such a s  s c i n t i l l a t i o n )  a r e  s t a t i s t i -  

c a l  q u a n t i t i e s  whose mean and var iance  depend upon r and 8 a s  wela as 

upon t h e  s t a t i s t i c s  of  t h e  atmospheric turbulence .  Since t h e  atmosphere 

i t s e l f  is  a  non-stat ionary system, t h e  time v a r i a t i o n  of r and 0 wllL 

simply s e r v e  t o  i nc rease  t h e  v a r i a t f o n  i n  t h e  s t a t i s t i c a l  parameter af 

the  measured quan t i t y .  I t  t h e r e f o r e  seems reasonable t o  r e q u i r e  t h a c  

the v a r i a t i o n  i n  t h e  s t a t i s t i c a l  e s t ima te s  of t hese  parameters due t o  

a i r c r a f t  motion b e  sma l l  compared t o  t h e  v a r i a t i o n s  introduced by  such 

unavoidable e f f e c t s  as  atmospheric non- s t a t iona r i ty .  

Table I i n  Appendix B of t he  HAAT program plan  [ 3 ] ,  which has been 

reproduced a s  Table I of t h i s  r e p o r t ,  de sc r ibes  seven measurements 

which w i l l  b e  made. El imina t ing  from cons ide ra t ion  the  Engineering 

measurements and neg lec t ing  any d i f f e r e n c e  i n  upl ink  and downl~nk 



measurements, t hese  may be reduced t o  f o u r  b a s i c  types of measurement 

v i z .  

1. S c i n t i  P l a t ion  
2. Angle of A r r i v a l  F luc tua t ions  
3. B i t  E r r o r  Rate Measurements 
4. Transmittance. 

Each of t hese  measurements w i l l  b e  considered.  

S c i n t i l l a t i o n  

The var iance  of t he  log-amplitude oR f o r  a  s p h e r i c a l  wave i s  given 

2 
where C (h) is  t h e  index of r e f r a c t i o n  s t r u c t u r e  cons t an t  a t  an N 

a l t i t u d e  h ,  z  i s  t h e  s l a n t  range and ds i s  an element of length  along 

t h e  propagat ion path.  The a c t u a l  s i t u a t i o n  which we wish t o  consider  

i s  t h a t  s f  a  co l l imated ,  t runca ted  gaussian beam. S ince ,  however, w e  

a r e  only concerned wi th  the  order  of magnitude of t h e  v a r i a t i o n  of c 
2 

L 
on range and zen i th  angle ,  and s i n c e  t h e  form of t h e  func t ion  C (h)  i s  N 

no t  w e l l  known, we w i l l  assume t h a t  the  r e l a t i o n  of equat ion  (1) 

desc r ibes  t h e  gaussian beam accu ra t e ly  enough f o r  our  purposes 

2 We w i l l  assume a form f o r  C (h) v i z .  N 

where h i s  a  s c a l e  he igh t  u sua l ly  taken t o  be 3200 m. Recent work [5]  
0  

i n d i c a t e s  t h a t  t h i s  va lue  may be too  l a r g e ,  however s i n c e  f o r  l a r g e r  

ho,  oR i s  more s e n s i t i v e  t o  changes i n  a l t i t u d e  and zen i th  angle we 

w i l l  assume t h i s  va lue  a s  a  wors t  case.  



For a  zen i th  angle  0 ,  h i s  r e l a t e d  t o  s by 

h = s cos 0  

then 

Z - 
2 2 -113 -1/3 h~ (2-s) s 5 / 6  cOs 

0% = Co cos s [ z I ds ( 4 )  

Now we l e t  u  = s / z ,  then 

2 2 -113 , ,3/2 u1/2 (1-u) 516 -u zcos  0 / h  o 
0 .  = Co COS R du (5) 

But z  cos 0  i s  j u s t  t h e  a i r c r a f t  a l t i t u d e  h the re fo re  
m ' 

Now cons ider  an a i r c r a f t  f l y i n g  i n  a  c i r c u l a r  pa th  of r ad ius  R a t  an 

a l t i t u d e  h . As  can be  seen i n  F igure  1, i f  t he  r ad ius  of t he  c i r c l e  
m 

changes by an amount AR then h remains cons tan t  and 0  changes by an 
m 

amount A0 given by 

h AR 
AX AR cos 0  - m A @ = - =  

S s 
S 

2 

then  the  f r a c t i o n a l  change i n  the  l o g  amplitude var iance  i s  



11 2 
= [+ 6 co COS m 312 I (hm) 1 * A0 

Where I ( h  ) denotes t h e  d e f i n i t e  i n t e g r a l  i n  Equation 6& Equation 8 
m 

reduces t o  

11 RAR = - -  
E~~ 6 2 

S 

2 
Equation 10 al lows us t o  e s t ima te  t h e  v a r i a t i o n  i n  o f o r  a 

R 

change i n  h o r i z o n t a l  p o s i t i o n  of t he  a i r c r a f t .  A similar equat ion  may 

be der ived  f o r  a change i n  a l t i t u d e  AH. As  can be seen from Figure 2 ,  

a  change i n  a i r c r a f t  a l t i t u d e  changes both h and 8, The change in 6 
m 

i s  given by 

AX A H s i n  8 
m 

R AH 
A e =  - = - - m - - -  

s S 
S 

2 

then 



Figure  1 

Figure  2 



The l a s t  term i n  Equation 14 has  been eva lua ted  numerical ly  on the 

IBM 360/50 computer us ing  a double p r e c i s i o n  Simpson's r u l e  i n t e g r a t i o n .  

The va lues  of t h i s  term a r e  

- 2.45% p e r  1000 f t .  a t  42,000 f e e t  
- 2.15% p e r  1000 f t .  a t  52,500 f e e t  
- 1.90% p e r  1000 f t .  a t  63,000 f e e t .  

Equation 10 and 14 s p e c i f y  the  approximate e r r o r s  i n  a due t o  R 

v a r i a t i o n  i n  AR and AH. These have been eva lua ted  f o r  t he  a l t i t u d e s  

i n d i c a t e d  above and f o r  h o r i z o n t a l  d i s t a n c e s  of 5 and 10 mi les .  The 

r e s u l t s  a r e  shown i n  Table I T .  The values f o r  AE a r e  seen  t o  be 
H 

q u i t e  smal l  and may have e i t h e r  s ign .  This  behavior  may be  understood 

by cons ider ing  t h a t  f o r  a p o s i t i v e  AH, corresponding t o  an upward motion 

of t he  a i r c r a f t ,  t he  l og  amplitude var iance  i s  increased  due t o  an 

i n c r e a s e  i n  t he  propagat ion path length .  

Table I1 

A l t i t u d e  Range S l a n t  Range dER A ~ H  1 L E I + /  AH/ 
(1000's f t )  (Miles) (1000's f t . )  %/I000 f t .  %/lo00 f t .  %/lo80 f t ,  



2 
This  e f f e c t  i s  r e l a t i v e l y  s l i g h t ;  however, s i n c e  C a t  the  alti- N 

tudes we a r e  cons ider ing  i s  very small. Furthermore, i t  is  compensated 

f o r  by t h e  decrease  i n  z e n i t h  angle  which tends  t o  "swing" t h e  propa- 

g a t i o n  p a t h  up out  of t h e  more tu rbu len t  lower atmosphere, The var ia . t ion  

i n  t h e  h o r i z o n t a l  d i s t ance  has  a l a r g e r  e f f e c t  s i n c e  a p o s i t i v e  AR ( the  

a i r c r a f t  moves outward from t h e  ground s t a t i o n )  both  lengthens the  

propagat ion pa th  and lowers i t  i n t o  a  more tu rbu len t  region.  

Angle of  A r r i v a l  F luc tua t ions  

The var iance  of t h e  apparent  angle  of a r r i v a l  can be shown t o  

depend on the  f i v e - t h i r d s  power of t he  c o r r e l a t i o n  length  r E6.73 , i, e, , 
0 

For a  s p h e r i c a l  wave propagat ing from t h e  ground t o  an  a i r c r a f t  a t  a 

s l a n t  range z.  r may be  expressed as 
0 

where we have l e t  u  = s cos 8/ho. We no te  t h a t  z cos 8 i s  t h e  aircraft 

a l t i t u d e  h t h e r e f o r e  
m ' 



The i n t e g r a l  i n  Equation 18  i s  t h e  incomplete gamma funct ion  r (h /ho ,7 /3)  

which, a t  t h e  a l t i t u d e s  t h a t  we a r e  cons ider ing ,  is  a  slowly varying 

func t ion  of hm. We w i l l  t h e r e f o r e  t ake  i t  t o  be  a cons tan t  and w r i t e  

For changes i n  h o r i z o n t a l  range 

- - A be2> = Tan 6 A0 
<ne2> 

RAR 
E~~ 

= - 
s 

2 

By comparing t h i s  express ion  wi th  Equation 10 ,  we s e e  t h a t  the 

angle of a r r i v a l  measurement e r r o r s  a r e  sma l l e r  than the  s c i n t i l l a t i o n  

measurement e r r o r s  by a  f a c t o r  of 6/11 f o r  changes i n  R. Hence the  

requirement on t h e  accuracy of  R i s  n o t  determined by the  angle of 

a r r i v a l  measurements . 
For changes i n  t h e  a i r c r a f t  a l t i t u d e  we may r ep lace  cos e by 

hm/s hence 

then 

For a  five-mile r ad ius  EB v a r i e s  from 3.8% at  42,000 f e e t  t o  

2.5% a t  63,000 f e e t .  



For downlink angle of a r r i v a l ,  the  i n t e g r a l  i n  Equation 16 i s  

rep laced  by 

No c a l c u l a t i o n  f o r  downlink angle of a r r i v a l  f l u c t u a t i o n  has been 

made. 

B i t  E r ro r  Rate Measurements 

The p r o b a b i l i t y  of e r r o r  f o r  a b inary  coded channel i n  t h e  presence 

of l og  normal s c i n t i l l q t i o n  has been given by Fr ied  [ 8 ]  a s  

where B is  the s i g n a l  t o  n o i s e  r a t i o  iri t he  r e c e i v e r  and a i s  rhe R 

log  amplitude var iance  of t he  s c i n t i l l a t i o n .  The parameter X i s  T 

r e l a t e d  t o  a and 8 by 
R 

Equation 24 was der ived  under t h e  assumption t h a t  the  r e c e i v e r  n o i s e  

is  whi te  gaussian noise .  This assumption may no t  be  j u s t i f i e d  f o r  an 

o p t i c a l  r e c e i v e r  where the  p r i n c i p l e  n o i s e  source is  t h e  Sho t t  no i se  

i n  t h e  photodetec tor .  A more p r e c i s e  t rea tment  of d e t e c t i o n  i n  an 

o p t i c a l  communications system has been given by Hoversten [9]. For  

t he  purpose of e s t ima t ing  the  dependence of P on the  smal l  changes i n  
E 

range the  gaussian n o i s e  model should b e  adequate ,  however, s o  that 

Equation 24 may be used. 



In spec t ion  of Equation 24 r evea l s  t h a t  t h e  p r o b a b i l i t y  of error ,  

PE, depends only on t h e  s i g n a l  t o  n o i s e  r a t i o  B and the  log  a m ~ l i t i l d t  

var iance  of t h e  s c i n t i l l a t i o n  a  Provided t h a t  we may assume that the 
R " 

r e c e i v e r  no i se  remains cons tan t  then B i s  p ropor t iona l  t o  t he  received 

power which i n  t u r n  v a r i e s  a s  t h e  square  of t h e  s l a n t  range. Hence, 

For a  1000 foo t  change i n  s l a n t  range, a  5 mi le  r ad ius  path and altitudes 

of 42,000 and 63,000 f e e t  t h i s  e r r o r  amounts t o  4.76% and 2 . 4 4 % ,  

r e spec t ive ly .  

The changes i n  aR2 have been d iscussed  i n  a  preceeding s e c t i o n .  

I t  t h e r e f o r e  remains only t o  demonstrate how these  changes w i l l  effect 

Equation 24 may be s i m p l i f i e d  by no t ing  t h a t  f o r  a  sma l l  change i n  

8 o r  o t he  f i r s t  f a c t o r  w i l l  be  slowly vary ing  compared t o  the 
R 

exponent ia l .  We may t h e r e f o r e  t r e a t  i t  as cons tan t .  El iminat ing a ;  
* 

we ob ta in  

o r  

then 



and 

From Equation 25 i t  i s  seen t h a t  3 may t ake  on values from a 

very smal l  p o s i t i v e  number (deep s c i n t i l l a t i o n )  t o  f l  (no s c i n t i l l a t i o n )  

whi le  B can t ake  on any p o s i t i v e  value.  For t h e  case  of f a i r l y  l a r g e  

s i g n a l  t o  n o i s e  r a t i o  and sma l l  s c i n t i l l a t i o n  f  (B,%) w i l l  r e d ~ c e  to 

then 

Then 

Now f o r  the  assumed cond i t i ons ,  i . e . ,  B l a r g e  and XT approximately 

equal  t~ un i ty  t h e  f i r s t  term i s  smal l  s o  t h a t  



From t h i s  a n a l y s i s  i t  i s  c l e a r  t h a t  even these  wi th  t h e  simplifying 

assumptions t h e  b i t  e r r o r  r a t e  may be a s t r o n g  func t ion  of t he  s i g n a l  

t o  n o i s e  r a t i o ,  p a r t i c u l a r l y  f o r  t he  case  of l a r g e  6 .  It may t h e r e f o r e  

b e  necessary  t o  l i m i t  t he  experimental  condi t ions  t o  those producing 

l a r g e  b i t  e r r o r  r a t e s .  

A more exac t  a n a l y s i s  could be c a r r i e d  out by avoiding the  

s imp l i fy ing  assumptions which we have made and d i f f e r e n t i a t i n g  

equat ion  d i r e c t l y .  However, due t o  t he  unce r t a in ty  a s  t o  the  accuracy 

of the  gaussian n o i s e  model i t  was n o t  f e l t  t h a t  such an a n a l y s i s  

would b e  worthwhile . 

Atmospheric At tenuat ion  

The atmospheric t ransmiss ion  T i s  given by [ l o ]  A 

where S i s  t h e  s l a n t  range t o  t h e  a i r c r a f t ;  a t h e  l a s e r  beam divergence 

ang le ,  P t he  mean t r ansmi t t ed  power and 7 the  mean rece ived  power, 
T 

I n  t h e  preceeding s e c t i o n  i t  was shown t h a t  f o r  an a l t i t u d e  of 63,800 

f e e t ,  I would change by about 2.44% p e r  1000 f e e t  change i n  s l a n t  range, 

For a t t e n u a t i o n  measurements t h i s  v a r i a t i o n  i s  averaged s o  t h a t  small 

changes i n  t he  s l a n t  range have l i t t l e  e f f e c t  on t h e  observed value 

of T provided t h a t  t h e  average va lue  of t h e  s l a n t  range i s  accu ra t e ly  
A 

known. This  information should be  a v a i l a b l e  from the  G B U .  We there-  

f o r e  conclude t h a t  f o r  changes i n  a i r c r a f t  p o s i t i o n  of t h e  o rde r  of a 

thousand f e e t  w i l l  in t roduce  e r r o r s  of only a f r a c t i o n  of a percenc 

i n t o  t h e  measured va lue  of T This  i s  f a r  l e s s  than t h e  e r r o r s  which 
A" 

may be expected i n  t he  measurement of I and P due t o  inaccurac ies  T 



i n  t h e  c a l i b r a t i o n  of t h e  d e t e c t o r s .  

The atmospheric e x t i n c t i o n  cons tan t  K i s  r e l a t e d  t o  rA by 

Where M i s  t h e  a i r  mass. M i s  p ropor t iona l  t o  

Where S is  t h e  s l a n t  range and h  i s  h e i g h t  above the  ground. For the 

a l t i t u d e s  we a r e  cons ider ing  t h i s  i n t e g r a l  i s  cons tan t  t o  w i th in  about 

1/2%. 

Conclusions 

Prom t h e  preceeding a n a l y s i s ,  i t  i s  c l e a r  t h a t  t h e  q u a n t i t i e s  to 

be measured on t h e  HAAT experiment a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  smal l  

changes i n  e i t h e r  t he  a l t i t u d e  of t h e  a i r c r a f t  o r  i t s  hor izonta l .  dis-. 

tance from t h e  ground s t a t i o n .  Of t h e  two t h e  l a t t e r  i s  t h e  more 

c r i t i c a l .  I n  gene ra l ,  changes i n  a i r c r a f t  p o s i t i o n  of 1000 f e e t  will 

produce v a r i a t i o n s  of on ly  1 o r  2% i n  the  measured s t a t i s t i c a l  param- 

e t e r s .  A t y p i c a l  d a t a  segment w i l l  probably be  1 o r  2  minutes Long, 

Experimental r e s u l t s  i n d i c a t e  t h a t  the  measured va lues  of log  anlpli- 

tude var iance  taken a  few minutes a p a r t  may d i f f e r  by a  cons iderable  

amount. I t  is  t h e r e f o r e  n o t  unreasonable t o  expect: the  log amplitude 

var iance  t o  change by a  few percent  during the  course of a  measurement, 

I f  t h i s  i s  the  case ,  then an a d d i t i o n a l  v a r i a t i o n  of a  few percent  

due t o  f l i g h t  pa th  inaccu rac i e s  w i l l  no t  be  objec t ionable .  



A p o s s i b l e  except ion i s  t h e  b i t  e r r o r  r a t e  measurements. A t  

very sma l l  b i t  e r r o r  r a t e s ,  t h e  e r r o r  r a t e  becomes a  very s e n s i t i v e  

func t ion  of s i g n a l  t o  n o i s e  r a t i o  and t h e r e f o r e  a  s e n s i t i v e  funceion 

of rece ived  power. This ,  combined wi th  the  f a c t  t h a t  a  long time 

i s  requi red  t o  measure a very  s m a l l  b i t  e r r o r  r a t e ,  may make i t  

d i f f i c u l t  t o  compare the  measured BER wi th  theory.  

Recommendations 

I t  i s  recommended t h a t  t he  i n i t i a l  ope ra t iona l  p lan  spec i fy  

nav iga t ion  to l e rances  during d a t a  a c q u i s i t i o n  of 9 0 0  f e e t  i n  range 

from the  ground s t a t i o n  and - +500 f e e t  i n  a l t i t u d e .  These to l e rances  

a r e  t o  be he ld  f o r  one complete o r b i t  around the  ground s t a t i o n .  

I f  i t  appears  l i k e l y ,  e i t h e r  from d i scuss ion  wi th  A i r  Force 

personnel  o r  from experience on e a r l y  f l i g h t s  i n  t he  program, t h a t  

these  to l e rances  impose excess ive  r e s t r a i n t s  upon t h e  opera t ion  o f  

t h e  a i r c r a f t ,  then  they may be relaxed by a s  much a s  a  f a c t o r  of 2 o r  

3 without  jeopard iz ing  the  v a l i d i t y  of t he  experiment,  



METEROLOGICAL DATA REQUIREMENTS 

In t roduc t ion  

The High A l t i t u d e  A i r c r a f t  Tes t  f o r  V i s ib l e  Laser  O p t i c a l  Communi- 

ca t ions  r e q u i r e s  t h a t  metero logica l  d a t a  b e  c o l l e c t e d  p r i o r  t o  and 

during each t e s t  f l i g h t  s o  t h a t  the  o p t i c a l  measurements may be corre-  

l a t e d  wi th  such g ros s  atmospheric parameters a s  temperature,  barometr ic  

p re s su re ,  r e l a t i v e  humidity,  and wind p r o f i l e .  I n  add i t i on  meteoroPagicaS 

d a t a  w i l l  be  u s e f u l  i n  revea l ing  unusual atmospheric cond i t i ons ,  such 

as a temperature i nve r s ion ,  which might lead  t o  anomalous experimental  

r e s u l t s .  A second, and equa l ly  impor tan t ,  requirement f o r  metearo- 

l o g i c a l  d a t a  i s  t o  a s s i s t  i s  scheduling the  t e s t  a t  the  most advantageous 

times from t h e  p o i n t  of view of favorable  weather  condi t ions .  Also the 

t e s t  conductor must be provided wi th  cu r r en t  and accu ra t e  f o r e c a s t  s o  

t h a t  i n  t h e  event  of d e t e r i o r a t i n g  weather  condi t ions  he  w i l l  have 

the  b e s t  poss ib l e  information on which t o  base a dec i s ion  t o  c a n t e l  o r  

postpone the  t e s t  f l i g h t .  

Seve ra l  sources of meteoro logica l  d a t a  a r e  ava i l ab l e .  These inc lude  

ins t rumenta t ion  which w i l l  be  l oca t ed  a t  t h e  Madkin Mountain ground 

te rmina l ,  t he  MSFC Atmospheric research  s t a t i o n  f a c i l i t i e s  l oca t ed  

approximately t h r e e  miles  southwest of t he  ground te rmina l ,  t h e  FAU 

A i r c r a f t  Advisory westher  f a c i l i t i e s  l oca t ed  a t  t he  Hun t sv i l l e  - Decatur 

Ai rpor t  f i v e  miles  t o  t h e  wes t ,  and s e v e r a l  o t h e r  weather  s t a t i o n s  on 

Redstone Arsenal  operated f o r  o t h e r  purposes. I n  a d d i t i o n  use will 



be  made of the  normal NOAA wide a r e a  weather  information s e r v i c e s ,  

The MSFC Atmospheric Research S t a t i o n  w i l l  be t h e  p r i n c i p a l  source 

of meteoro logica l  measurements and w i l l  assume primary responsibility 

f o r  the  c o l l e c t i o n  and eva lua t ion  of weather information from a l l  

sources  and f o r  providing weather  f o r e c a s t s  t o  t he  t e s t  conductor,  

We have, a t  t he  d i r e c t i o n  of t h e  con t r ac t ing  o f f i c e r s  repre-  

s e n t a t i v e  (COR), undertaken t o  review the  meteorological  suppor t  

requirements f o r  t h e  High A l t i t u d e  A i r c r a f t  Program. A pre l iminary  

s tatement  of t h e  meteoro logica l  d a t a  t o  be  c o l l e c t e d  i n  connection 

wi th  these  t e s t  i s  given i n  t h e  HAAT program plan  [ l l ] .  We have care- 

f u l l y  reviewed the  meteordbgical  measurements s p e c i f i e d  i n  t h a t  docu- 

ment t o  determine t h e i r  va lue  i n  ana lyz ing  the  o p t i c a l  propagat loa 

d a t a  which w i l l  b e  obtained and t o  i n s u r e  t h a t  no a d d i t i o n a l  metero- 

l o g i c a l  d a t a  w i l l  b e  requi red .  Seve ra l  conferences have been 'meld 

between t h e  p r o j e c t  d i r e c t o r  and MSFC Atmospheric Research S t a t i o n  

personnel .  On t h e  b a s i s  of t hese  conferences and our review, s p e c i f i c  

recommendations f o r  meteoro logica l  d a t a  requirements have been formuiated,  

We have a l s o  considered the  ques t ion  of what, i f  any, s p e c i f i c  c r i t e r i a  

can be e s t a b l i s h e d  f o r  the  minimum weather condi t ions  under which a 

f l i g h t  t e s t  w i l l  be  conducted. 

Appl ica t ion  t o  Measurements Program 

Meteorological  d a t a  w i l l  b e  used i n  t h e  a n a l y s i s  of bo th  the  o p t i -  

c a l  propagat ion experiments and t h e  engineer ing  experiments performed 

during the  h igh  s l t i t u d e  a i r c r a f t  t e s t .  Areas i n  which meteorological.  

d a t a  w i l l  be  employed inc lude  the  following. 



a)  General Weather Condit ionsn For the  o p t i c a l  propagat ion data  

t o  be  meaningful i t  i s  necessary  t h a t  the  gene ra l  weather condir ions 

under which i t  was c o l l e c t e d  be  c a r e f u l l y  and q u a n t i t a t i v e l y  documented, 

The same i s  t r u e ,  perhaps even t o  a g r e a t e r  degree,  f o r  t h e  a n a l y s i s  

of t he  communi c a t i o n  and t r ack ing  systems performance. For t h i s  

reason c a r e f u l  meteoro logica l  observa t ions  must be  made throughout 

each f l i g h t ,  S p e c i a l  importance must b e  a t t ached  t o  t he  i d e n t i f i c a t i o n  

of any unusual  condi t ions ,  such a s  temperature i nve r s ions  o r  h i g h ,  t h i n  

cloud cover,  which might n o t  b e  r e a d i l y  apparent  t o  a ca sua l  observer ,  

b )  Wind P r o f i l e .  The frequency spectrum of t he  o p t i c a l  s c i n t i l -  

l a t i o n  depends upon t h e  component of wind v e l o c i t y  t r ansve r se  t o  the  

o p t i c a l  pa th .  Wind p r o f i l e  measurements w i l l  t h e r e f o r e  b e  d i r e c t l y  

app l i cab le  t o  t h e  a n a l y s i s  of t he  s c i n t i l l a t i o n  data .  F r i ed  [I21 has 

developed express ions  f o r  t he  s c i n t i l l a t i o n  spectrum as  a func t ion  of 

wind speed assuming t h a t  t h e  wind speed i s  cons tan t  a long the  optical 

path.  To our  knowledge no a n a l y s i s  has been performed f o r  the  case of 

wind speed which v a r i e s  along the  o p t i c a l  path. Therefore a d d i t i o n a i  

t h e o r e t i c a l  work may be  requi red  i n  t h i s  a r e a  i n  o rde r  t o  proper ly  

i n t e r p r e t  t h e  r e s u l t s  of t h e  a i r c r a f t  test. 

c) Est imation of S t r u c t u r e  Constant P r o f i l e .  I n  o rde r  t o  ade- 

qua te ly  compare the  experimental  r e s u l t s  t o  theory i t  would be d e s i r a b l e  

2 
t h a t  t h e  atmospheric s t r u c t u r e  cons t an t ,  C be measured a s  a func t ion  

N 

of a l t i t u d e  during each t e s t .  Methods of determining c2 from the N 

temperature s t r u c t u r e  cons tan t  have been proposed by Ochs [l3,B41, it 

does no t  appear ,  however, t h a t  t he  ins t rumenta t ion  t o  make these  

measurements capable of being flown on a weather  ba l loon  w i l l  be 



a v a i l a b l e  i n  time f o r  use on t h i s  p r o j e c t .  I t  w i l l  t h e r e f o r e  be 

2 
necessary t o  assume a s tandard  p r o f i l e  f o r  C and t o  at tempt  t o  infer N 

from convent ional  meteoro logica l  d a t a  t h e  v a l i d i t y  of t h i s  assumption. 

Information a s  such f a c t o r s  a s  temperature l a p s e  r a t e s  w i l l  b e  useful 

2 
i n  d e t e c t i n g  condi t ions  under which the  C p r o f i l e  may dev ia t e  from N 

normal. 

Tes t  Scheduling 

One of t h e  most important  a p p l i c a t i o n s  of meteoro logica l  i n fo r -  

mation w i l l  be  i t ' s  use i n  scheduling the  t e s t  f l i g h t s  a t  t imes when 

the  weather  condi t ions  a r e  l i k e l y  t o  b e  t h e  most favorable  and i n  

deciding when condi t ions  warrent  the  postponement o r  cance l l a t i on  of 

a t e s t .  The problem of schedul ing  w i l l  c o n s i s t  of t h ree  phases,  v i z ,  

(1) Advanced scheduling of f l i g h t  pe r iods ,  (2 )  s e l e c t i o n  of s p e c i f i c  

f l i g h t  t imes and (3)  t he  dec i s ion  t o  delay o r  abo r t  a t e s t  i n  the 

event  of d e t e r i o r a t i n g  weather  condi t ions .  

We recommend t h a t  t h e  fol lowing procedure and c r i t e r i a  b e  adopted 

f o r  scheduling of f  li ght  test from a weather  s t andpo in t  and f o r  

cance l l i ng  of a mission once i t  has  begun. 

A. Advanced S cheduling 

The t e s t  w i l l  b e  c a r r i e d  ou t  i n  sequencies  of four  f l i g h t s ,  The 

o p e r a t i o n a l  per iods  f o r  each sequence w i l l  b e  determined a s  f a r  i n  

advance as  poss ib l e .  I n  o rde r  t o  schedule t he  ope ra t iona l  per iods  

a t  times when most favorable  weather condi t ions  a r e  l i k e l y  t o  p r e v a i l  

i t  w i l l  be  necessary  t o  e ~ m p i l e  s t a t i s t i c a l  d a t a  concerning the  

t y p i c a l  weather  p a t t e r n s  a t  var ious  t imes of t h e  yea r  i n  t he  Hun t sv i l l e  



a rea .  This  d a t a  w i l l  inc lude  such f a c t o r s  as  t h e  average number of 

c l e a r  days per  month, t h e  t y p i c a l  monthly r a i n f a l l ,  e t c .  Based on 

s t a t i s t i c s  a v a i l a b l e  f o r  t he  p a s t  s e v e r a l  years  p r e f e r r e d  ope ra t iona l  

per iods  w i l l  be  e s t a b l i s h e d .  

B. Se l ec t ion  of S p e c i f i c  F l i g h t  Times 

One week be fo re  the  beginning of each ope ra t iona l  per iod  tenta- 

t i v e  f l i g h t  schedules  w i l l  be  e s t ab l i shed .  The s p e c i f i c  da t e s  and 

times chosen w i l l  be  based p r imar i ly  upon a p r e d i c t i o n  of a low percent 

cloud cover and the  absence of fog,  haze o r  o t h e r  condi t ions  which 

might adverse ly  e f f e c t  the opera t ion  of t h e  experimental  system, The 

schedules  must be considered t e n t a t i v e  a t  t h i s  po in t  s i n c e  t h e  

r e l i a b i l i t y  of  one-week f o r e c a s t  i s  no t  very g rea t .  

F l i g h t  schedules  w i l l  be  reviewed a t  5 days,  3 days,  48 hours and 

24 hours before  t h e  beginning of each t e s t .  Rescheduling w i l l  be  

p o s s i b l e  a t  each of t hese  po in t s  i f  r ev i sed  f o r e c a s t s  i n d i c a t e  an 

increased  p r o b a b i l i t y  of fog , haze o r  excess ive  cloud cover. 

C.  Cance l la t ion  of Test  

For t he  24  hour per iod  p r i o r  t o  t h e  f l i g h t  r ev i sed  f o r e c a s t s  

w i l l  be  made every 6 hours and then hour ly  f o r  t he  6 hour per iod  

immediately preceeding the  f l i g h t ,  

D. C r i t e r i a  f o r  Postponement of Tes t  

I t  i s  recommended t h a t  t he  fol lowing c r i t e r i a  be used i n  schedulrng 

and de lay ing  a t e s t  f l i g h t ,  

1. Predic ted  cloud cover g r e a t e r  than 10 percent .  

2 .  Any p r e d i c t i o n  of fog ,  haze, o r  c i r r u s  clouds which 

might reduce atmospheric t ransmiss ion  below 70%. 



Data Requirements 

On the  b a s i s  of our  survey of t h e  meteoro logica l  d a t a  r equ i r ed  t o  

suppor t  t he  High A l t i t u d e  A i r c r a f t  T e s t  and as  t he  r e s u l t  of s e v e r a l  

conferences he ld  wi th  t h e  MSFC meteoro logis t  we recommend t h a t  the 

fol lowing meteoro logica l  measurements be made. 

A. Madkin Mountain Ground S t a t i o n  

A meteorologi  c a l  s h e l t e r  w i l l  b e  i n s t a l l e d  near  t he  Ground Terminal 

on Madkin Mountain, Ins t rumenta t ion  w i l l  c o n s i s t  of a hydrothermograph 

t o  provide a continuous record ing  of r e l a t i v e  humidity and temperature 

and a record ing  anamometer t o  measure wind speed and d i r e c t i o n ,  Measure- 

ments a t  t h i s  s i t e  a r e  requi red  from 24 hours p r i o r  t o  t h e  beginning o f  

each t e s t  f l i g h t  u n t i l  24 hours  a f t e r  the  conclusion of the  tes t .  

B. A t  MSFC Atmospheric S t a t i o n  

1, Hourly observa t ions  from 6 hours p r i o r  t o  t h e  beginning s f  each 

f l i g h t  t e s t  u n t i l  1 hour p r i o r  t o  t h e  beginning of t he  t e s t ,  and then 

every 112 hour u n t i l  t h e  concTusion of t he  t e s t .  Observations w i l l  

c o n s i s t  o f :  

a)  Temperature 

b)  Barometric p re s su re  

c)  Re la t ive  Humidity 

d) Wind Speed and Direcr f  on 

e )  Clouds, percent  cover ,  type and approximate a l t i t u d e  

f )  Sur face  v i s i b i l i t y  

2, Radiosonde Releases  t o  provide temperature,  r e l a t i v e  humid i ty ,  

wind speed and wind d i r e c t i o n  a s  a func t ion  of a l t i t u d e  from t h e  s u r f a c e  



t o  110,000 f e e t  a t  1000 f o o t  i n t e r v a l s .  Re la t ive  humidity measurement 

w i l l  no t  be  made above 40,000 f e e t  due t o  i t s  Pow va lue  above this 

l e v e l .  I t  i s  expected t h a t  a l l  of t h e  sondes may n o t  reach the  speci- 

f i e d  a l t i t u d e .  This  i s  no t  c r i t i c a l ,  however, s i n c e  d a t a  above the  

opera t ing  a l t i t u d e  of t h e  t e s t  a i r c r a f t  i s  of only minor i n t e r e s t .  

Two radiosonde r e l e a s e s  a r e  requi red  f o r  each f l i g h t  t e s t .  The 

f i r s t  w i l l  be  made enough i n  advance of t h e  a r r i v a l  of t he  a i r c r a f t  

over s t a t i o n  s o  t h a t  a complete p r o f i l e  w i l l  be  a v a i l a b l e  a t  t h e  

beginning of the  t e s t .  The second r e l e a s e  w i l l  be  made nea r  the  

mid-point of  t he  t e s t .  I n  t h e  event  t h a t  t he  a i r c r a f t  remains on 

s t a t i o n  f o r  the  maximum time (4  hours) a  t h i r d  r e l e a s e  nea r  the  end 

of t h e  t e s t  would b e  very d e s i r a b l e .  

C. Wide Area Weather Information 

To a i d  i n  eva lua t ing  the  l o c a l  weather d a t a  and i n  p r e d i c t i n g  

condi t ions  a t  the  time of each t e s t  wide a r e a  weather  information is 

requi red .  Meteorological  FAX c h a r t s  w i l l  t h e r e f o r e  b e  suppl ied  f o r  

s u r f a c e ,  500 mb., 700 mb. and 850 mb. every s i x  hours of 48 hours 

preceeding and 24 hours fol lowing each f l i g h t .  



ENGINEERING MEASUREMENTS PROGRAM 

In t roduc t ion  

The High A l t i t u d e  A i r c r a f t  Tes t  program plan  con ta ins ,  a s  Appendix B, 

a d e t a i l e d  measurements program f o r  t he  s c i e n t i f i c  experiments which 

w i l l  b e  conducted. Engineering measurements a r e  b r i e f l y  o u t l i n e d  i n  

Sec t ion  I I I .C .5  (page 22)  of t h e  s u b j e c t  document. I t  was d e s i r e d  by 

the  cognizant  MSFC personnel  t h a t  t h e  engineering a spec t s  of t he  HAAT 

program b e  documented i n  d e t a i l  comparable t o  t h e  s c i e n t i f i c  measurement 

program. We have, t h e r e f o r e ,  prepared a t  t h e  req.uest of the  con t r ac t ing  

o f f i c e r s  r e p r e s e n t a t i v e  t h i s  engineer ing  measurements plan which descr ibes  

t h e  engineer ing  and system a n a l y s i s  a spec t s  of t he  A i r c r a f t  Tes t  program, 

Engineering Measurements 

The measurements descr ibed  i n  Sec t ions  I I I . C . 1  through I I I . C , 4  of 

t h e  Measurements Program f o r  t h e  High A l t i t u d e  A i r c r a f t  Tes t  of V i s i b l e  

Laser  O p t i c a l  Communications a r e  intended t o  y i e l d  fundamental i n fo r -  

mation concerning t h e  turbulence  and t ransmission of t he  e a r t h ' s  atmos- 

phere and t h e i r  e f f e c t s  on wave propagat ion a t  o p t i c a l  f requencies .  

They w i l l  a l s o  provide c r i t i c a l  d a t a  needed t o  design f u t u r e  o p t i c a l  

communications systems f o r  ground t o  s a t e l l i t e  a p p l i c a t i o n s .  I n  

a d d i t i o n  a number of engineering measurements w i l l  be  made f o r  the  

purpose of eva lua t ing  the  performance of t he  t r ack ing  and communications 

systems and confirming the  f e a s i b i l i t y  of t he  design concepts employed, 

These measurements w i l l  inc lude :  



a .  Measurement of t h e  r e t u r n  s i g n a l  s t r e n g t h  ( jou le s /pu l se )  i n  

the  ground based a c q u i s i t i o n  a i d  (GBAB) . 
b. Determination of t h e  maximum range f o r  a c q u i s i t i o n  wi th  the  

GBAA . 
c.  Measurement of t h e  frequency of loss-of- t rack and time t o  

reacqui re .  

d. Observation and video-recording of a r e a l  time t e l e v i s i o n  

t ransmission.  

e .  Monitoring of c e r t a i n  "house keeping data"  which w i l l  provide 

information on t h e  opera t ion  and r e l i a b i l i t y  of t h e  va r ious  subsystems. 

This  d a t a  w i l l  b e  analyzed and evaluated i n  conjunct ion wi th  other 

f l i g h t  measurements, such a s  s c i n t i l l a t i o n ,  and d a t a  from p e r i p h e r a l  

experiments a s  descr ibed  below. 

Engineering Analysis 

1. Objec t ives  

From an engineering viewpoint t h e  h igh  a l t i t u d e  a i r c r a f t  

t e s t  a r e  intended t o  perform a number of func t ions .  These inc lude :  

a.  To demonstrate t he  f e a s i b i l i t y  of t he  t e c h n i c a l  approaches 

taken t o  t h e  problems of acqu i r ing  and coopera t ive ly  t racking .  

b. To demonstrate t h e  f e a s i b i l i t y  of h igh  d a t a  r a t e  o p t i c a l  

communication over v e r t i c a l  pa ths  through t h e  atmosphere. 

c .  To demonstrate t h e  r e l i a b i l i t y  of o p t i c a l  t r ack ing  and com- 

munication systems under a c t u a l  ope ra t iona l  condi t ions  n o t  too  d i s -  

s i m i l a r  t o  those  which would be encountered i n  an e a r t h  t o  space l i n k .  

d. To provide engineer ing  d a t a  which w i l l  be  va luable  i n  the  

design of f u t u r e  o p t i c a l  communications systems. 



e. To i d e n t i f y  t h e  sources of e r r o r  i n  t he  t r ack ing  and communi- 

ca t ions  systems and t o  e s t ima te  t h e i r  r e l a t i v e  importance i n  terms of 

o v e r a l l  system opera t ion .  

I n  o rde r  t o  achieve these  ob jec t ives  a  d e t a i l e d  eva lua t ion  of the 

opera t ion  of each subsystem should be performed. I n  t he  fol lowing 

s e c t i o n  we have considered each subsystem and i d e n t i f i e d  c e r t a i n  a r eas  

which we f e e l  should be  i n v e s t i g a t e d  and recommended measurements which 

should provide u s e f u l  engineer ing  da ta .  I n  t h e  fol lowing d iscussfon  i t  

i s  assumed t h a t  t h e  system i s  opera t ing  normally and w i t h i n  design 

s p e c i f i c a t i o n s .  Needless t o  s ap  an important  aspec t  of any engineering 

eva lua t ion  i s  t h e  i d e n t i f i c a t i o n  of those  a reas  i n  which the  system 

does no t  perform a s  expected o r  does n o t  meet i t s  design s p e c i f i c a t i o n s ,  

Since i t  may n o t  always be p o s s i b l e  t o  a n t i c i p a t e  what t h e s e  a r eas  w i l l  

b e  o r  what measurements should be  made we have excluded measurements 

on malfunct ioning systems from t h i s  d i scuss ion .  Such measurements 

should more proper ly  be considered t rouble-shooting.  We a l s o  exclude 

from cons idera t ion  rou t ine  measurements which would f a l l  i n t o  the  

category of accep tance-tes  t i n g  . 
2. Ground Based Acquis i t ion  Aid (GBAA) 

I n  t h e  a c q u i s i t i o n  mode of opera t ion  the  ground based acqui- 

s i t i o n  a i d  (GBAA) depends upon t h e  r e t u r n  of a  s i n g l e  l a s e r  pu l se  

i n  o rde r  t o  d e t e c t  t h e  incoming a i r c r a f t .  This  makes t h e  system very 

s e n s i t i v e  t o  t h e  e f f e c t s  of atmospheric s c i n t i l l a t i o n  s i n c e  acqui- 

s i t i o n  could be  missed i f  t he  c r i t i c a l  pu l se  occurred a t  an i n s t a n t  of 

deep fade.  The des igners  of t h e  GBAA (ITT Corp.) have attempted t o  

minimize t h i s  p o s s i b i l i t y  by d i s p e r s i n g  the  r e t r o - r e f l e c t o r s  on the 
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a i r c r a f t  over d i s t ances  l a r g e  compared t o  t h e  c o r r e l a t i o n  d i s t ances  

f o r  atmospheric s c i n t i l l a t i o n .  I n  t h i s  way i t  becomes un l ike ly  that 

a l l  r e t r o - r e f l e c t o r s  w i l l  be  i n  a  reg ion  of fade  a t  t h e  same i n s t a n t ,  

This  technique i s  i n  e f f e c t  a  form of a p e r t u r e  averaging f o r  t he  

re turned  s i g n a l .  Considerable e f f o r t  has  been devoted t o  t he  a n a l y s i s  

of t h e  i n t e n s i t y  of t h e  re turned  pu l se s  and t h e  e f f e c t  of d i spe r s ing  

the  r e t r o - r e f l e c t o r  a r r a y s  [15].  

It i s  important  t o  t he  design of f u t u r e  a c q u i s i t i o n  and t r ack ing  

systems t h a t  t h e  e f f e c t s  of s c i n t i l l a t i o n  be experimental ly  determined 

and t h e  e f f e c t i v e n e s s  of d i spe r s ing  the  r e t r o - r e f l e c t o r s  be  eva lua ted ,  

This may be accomplished during the  high a l t i t u d e  a i r c r a f t  t e s t  by 

measuring t h e  re turned  s i g n a l  s t r e n g t h  and comparing t h e  observed d a t a  

wi th  the  t h e o r e t i c a l  p red ic t ions .  Q u a n t i t i e s  t o  b e  measured should 

inc lude  : 

a .  The mean i n t e n s i t y  of t h e  r e tu rned  l a s e r  pu lse .  

b. The p r o b a b i l i t y  dens i ty  func t ion  of t h e  re turned  pulse  amplitude, 

I n  order  t o  compare these  measurements wi th  the  t h e o r e t i c a l  p r e -  

d i c t i o n s  both q u a n t i t i e s  should be  measured s imultaneously wi th  s c i n t i l -  

l a t i o n s  experiments performed wi th  t h e  up and downlink communications 

sys  tems . 
A second engineering measurement on t h e  GBAA w i l l  c o n s i s t  of 

determining the  frequency of loss-of- t rack and the  a b i l i t y  of the 

system t o  reacqui re .  I t  i s  expected t h a t  due t o  s c i n t i l l a t i o n  o r  sys- 

tem n o i s e  t h e  GBAA w i l l  occas iona l ly  l oose  t r a c k  of the  a i r c r a f t .  When. 

t h i s  occurs  t h e  GBAA w i l l  au tomat ica l ly  switch from the  track-mode t o  

a  reqcqui re  mode and the  presence of t h i s  condi t ion  w i l l  be  i nd ica t ed  



by a l i g h t  on t h e  GBAA c o n t r o l  console ,  I n  o rde r  t o  measure the fre- 

quence of loss-of- t rack i t  w i l l  only be necessary t o  connect a counter 

t o  record  t h e  number of t imes t h e  reacqui re  mode i n d i c a t o r  i s  turned 

on. It might a l s o  be  of i n t e r e s t  t o  a r range  a t imer which would 

be  s t a r t e d  when t h e  reacqui re  mode i s  en tered  and stopped when the  

t r a c k  mode i s  en tered .  I n  t h i s  way t h e  mean time requi red  t o  reacqui re  

t he  a i r c r a f t  could be  determined. 

The expected frequency of loss-of- t rack w i l l  depend upon the  

de t ec t ion  p r o b a b i l i t y  f o r  a pu l se  and thus  may b e  computed i n  a 

manner s i m i l a r  t o  t h a t  used t o  determine t h e  p r o b a b i l i t y  of a c q u i s i t i o n .  

Comparison wi th  t h e  observed frequency wi th  which t r a c k  i s  l o s t  will 

t h e r e f o r e  provide an a d d i t i o n a l  v e r i f i c a t i o n  of t h e  atmospheric model 

used i n  designing t h e  GBAA. 

3 .  Main Tracking System 

Er ro r s  i n  t h e  main o p t i c a l  t r ack ing  system a r e  expected t o  

a r i s e  from t h r e e  sou rces ;  atmospheric s c i n t i l l a t i o n ,  mechanical e r r o r s  

i n  t he  te lescope  mount and a s soc i a t ed  d r i v e  motors,  and e r r o r s  i n  the  

c o n t r o l  e l e c t r o n i c s .  Analysis  of t he  t r ack ing  system should not  only 

determine t h e  o v e r a l l  t r ack ing  accuracy of t he  system b u t  a l s o  shornldl 

a t tempt  t o  i d e n t i f y  t he  con t r ibu t ion  of each of t hese  f a c t o r s  t o  t h e  

t o t a l  system e r r o r .  

Avai lable  d a t a  w i l l  c o n s i s t  of t he  t e l e scope  mount p o s i t i o n  encoders 

read-out,  t he  s i g n a l  t o  t h e  f i n e  po in t ing  beam s t o r e r s  and t h e  o u t p u t  

s i g n a l  from t h e  t r ack ing  de t ec to r .  The sum of t h e s e  t h r e e  s i g n a l s  

w i l l  be  t h e  ins tan taneous  bea r ing  of t he  t a r g e t  a i r c r a f t .  From t h i s  i t  

w i l l  be  necessary  t o  remove the  a c t u a l  a i r c r a f t  motion and t h e  apparent  



po in t ing  f l u c t u a t i o n s  due t o  atmospheric s c i n t i l l a t i o n .  Changes i n  the  

measured bea r ing  due t o  a c t u a l  a i r c r a f t  motion can be  assumed t o  be 

slow and smoothly changing s o  t h a t  t h e  var iance  of t h e  f l u c t u a t i o n s  

about an ins tan taneous  mean can be a t t r i b u t e d  e n t i r e l y  t o  system e r r o r  

o r  atmospheric e f f e c t s .  Simultaneous observa t ion  of s c i n t i l l a t i o n  

w i l l  provide a  measure of t h e  i n t e g r a t e d  atmospheric turbulence along 

the  o p t i c a l  pa th  from which t h e  angle  of a r r i v a l  f l u c t u a t i o n s  may be 

est imated.* Af t e r  c o r r e c t i n g  the  var iance  of t he  observed t r ack ing  

f l u c t u a t i o n s  f o r  a c t u a l  t a r g e t  motion and atmospheric e f f e c t s  the  

remaining v a r i a t i o n  may be  a t t r i b u t e d  t o  e l e c t r i c a l  o r  mechanical 

t r ack ing  e r r o r s .  While t h i s  method i s  a t  b e s t  rough i t  i s  f e l t  t h a t  

i t  should y i e l d  a  f a i r  e s t ima te  of t h e  t r ack ing  svstem performance. 

4. Communications System 

The p r i n c i p a l  engineer ing  a n a l y s i s  which w i l l  be performed 

on the  communications system w i l l  b e  measurements of b i t  e r r o r  r a t e s  

f o r  t h e  downlink P.C.M. system. These measurements have been descr ibed 

i n  d e t a i l  i n  t he  s c i e n t i f i c  measurement program document s o  w i l l  no t  

be  d iscussed  f u r t h e r  here .  

I n  a d d i t i o n  t o  quan ta t ive  b i t  e r r o r  r a t e  measurements a  r e a l  time 

t e l e v i s i o n  p i c t u r e  w i l l  be  t r ansmi t t ed  t o  al low an eva lua t ion  of 

p i c t u r e  q u a l i t y .  By a l t e r n a t i n g  between b i t  e r r o r  r a t e  measurement and 

* 
This  e s t ima te  w i l l  n o t  b e  exac t  s i n c e  s c i n t i l l a t i o n  and apparent 

angle  of a r r i v a l  f l u c t u a t i o n  depend upon t h e  index of r e f r a c t i o n  
s t r u c t u r e  cons tan t  m u l t i p l i e d  by an appropr i a t e  l e v e r  func t ion  and 
i n t e g r a t e d  along the  o p t i c a l  path.  Since t h i s  l e v e r  func t ion  i s  n o t  
t h e  same i n  both cases  i t  w i l l  b e  necessary  t o  make as  assumption 
concerning t h e  s t r u c t u r e  cons tan t  p r o f i l e  which may e f f e c t  the  
r e s u l t .  



video  t ransmiss ion  i t  w i l l  b e  p o s s i b l e  t o  determine t h e  b i t  e r r o r  r a t e  

f o r  each sample p i c t u r e .  Thus t h e  s u b j e c t i v e  eva lua t ion  of p i c t u r e  

q u a l i t y  amy be  c o r r e l a t e d  wi th  a measured b i t  e r r o r  r a t e .  Considerable 

r e sea rch  has  been conducted t o  c o r r e l a t e  b i t  e r r o r  r a t e s  and p i c t u r e  

q u a l i t i e s  f o r  R.F. t e l e v i s i o n  systems. However, because of t h e  

d i f f e r e n c e s  i n  t h e  s t a t i s t i c a l  n a t u r e  of convent ional  communication 

channels and atmospheric channels i t  w i l l  b e  of i n t e r e s t  t o  r epea t  

t hese  s t u d i e s  f o r  an o p t i c a l  communications system. 

The upl ink  communications channel w i l l  be  used only t o  t ransmi t  

o p e r a t i o n a l  commands t o  t h e  a i rbo rne  experiment package. Unless i t  

should prove t o  be  u n r e l i a b l e ,  which i s  n o t  expected t o  be  t h e  case ,  

i t ' s  opera t ion  w i l l  no t  b e  w e l l  s u i t e d  t o  any type  of q u a n t i t a t i v e  

a n a l y s i s  o r  eva lua t ion .  

Conclusions 

I n  a t tempt ing  t o  document an engineering measurements program one 

encounters  c e r t a i n  d i f f i c u l t i e s  n o t  presented  by a s c i e n t i f i c  measure- 

ment program. A s  a s c i e n t i f i c  experiment t h e  high a l t i t u d e  a i r c r a f t  

p r o j e c t  involves  c e r t a i n  w e l l  def ined  a spec t s  of o p t i c a l  propagat ion 

which one wishes t o  i n v e s t i g a t e .  I t  i s  t h e r e f o r e  poss ib l e  t o  d e t a i l  i n  

advance e x a c t l y  what d a t a  i s  r equ i r ed  and what measurement should b e  

made. From an engineering po in t  of view the  most i n t e r e s t i n g  and 

important a spec t s  of t h e  experiment may w e l l  be those i n  which t h e  

experiment does n o t  perform exac t ly  a s  expected. I f  a system opera tes  

p r e c i s e l y  a s  i t  was designed then t h e r e  i s  no engineering problem of any 

importance l e f t .  This  cons idera t ion  makes i t  impossible  t o  d e t a i l  in 



advance a l l  t he  engineering experiments which w i l l  probably be  con- 

ducted i n  connection wi th  t h e  p r o j e c t .  Secondly, un l ike  a s c i e n t i f i c  

experiment where much q u a l i t a t i v e  d a t a  i s  c o l l e c t e d ,  engineer ing  experi-  

ments involve  much more q u a l i t a t i v e  o r  s u b j e c t i v e  observa t ion  on the 

p a r t  of t he  personnel  involved. That i s  t o  s ay  an engineering experi-  

ment is  o f t e n  more of a l ea rn ing  experience f o r  the  engineer  than a 

formal process  of d a t a  tak ing  and t h e r e f o r e  much l e s s  s u b j e c t  t o  

advance planning and documentation. 

I n  t h e  preceeding s e c t i o n s  s e v e r a l  a r eas  have been i d e n t i f i e d  in 

which i t  i s  f e l t  an a n a l y s i s  of  t h e  ope ra t ion  of t he  High A l t i t u d e  

A i r c r a f t  Experiment hardware w i l l  l e ad  t o  engineering d a t a  of value i n  

t h e  design of f u t u r e  o p t i c a l  communication systems. A number of 

measurements have been suggested t o  o b t a i n  t h i s  da t a .  I t  i s  expected 

t h a t  a s  t h e  MSFC opera t ing  personnel  ga in  experience wi th  t h e  operation 

of t he  system many o t h e r  engineering measurements w i l l  p r e sen t  them- 

se lves .  
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